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(54) Noise reduction apparatus and audio output apparatus 



(57) The FM broadcast is received and the FM de- 
modulated FM composite signal is stereo demodulated, 
and when the high band components of the demodulat- 
ed signal are few, the correction is conducted by using 
the signals just before and just after the noise generation 



period, and when the high band components are large, 
the interpolation is conducted by using a central value 
calculated from the value of a predetermined period be- 
fore the noise generation period, and a central value cal- 
culated from the value of a predetermined period after 
the noise generation period. 
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Description 

BAKCGRQUD OF THE INVENTION 

s [0001] The present invention relates to a noise reduction apparatus at the time of an audio signal receiving, and 
more specifically to a noise reduction apparatus used for, for example, a car radio in which a pulsive noise is easily 
mixed, and to an audio output apparatus. 

[0002] For example, when the electromagnetic noise in the circumstance of the car is considered, various pulsive 
electromagnetic noises (sometimes called the pulsive noise) such as an ignition noise, or mirror noise, are generated. 
10 Because these pulsive noises mix into a reception antenna connected to a car radio inside the car, it is ordinarily often 
experienced that the pulsive noise is generated in an output audio signal, therefore, generally for the car radio, the 
noise reduction apparatus to remove the pulsive noise is used. 

[0003] Fig. 8 is a block diagram of the conventional (pulsive) noise reduction apparatus disclosed in, for example, 
JP-A-63-87026. In the drawing, when an FM intermediate frequency signal of an FM receiver is inputted, a detection 

^5 signal outputted from an FM detection circuit 1 is supplied to a delay circuit 2 composed of a LPF (low pass filter) and 
delayed, and the output of the delay circuit 2 is supplied to a stereo demodulation circuit 5 through a gate circuit 3, and 
a level hold circuit 4. Further, the detection signal is supplied to a HPF (high pass filter) 6, and a noise component 
signal passed through the HPF 6 is amplified by a noise amplifier 7, and supplied to a noise detection circuit 8. 
[0004] The noise detection circuit 8 is composed of a rectifier circuit to rectify the output signal of the noise amplifier 

20 7, and a noise detection output is obtained thereby. This noise detection output is supplied to a waveform shaping 
circuit 9 and an integration circuit 10. Incidentally, a noise detection means 11 is structured by including the HPF 6, 
noise amplifier 7, noise detection circuit 8, waveform shaping circuit 9 and integration circuit 10. 
[0005] The waveform shaping circuit 9 transforms the noise detection output into a pulse having a pulse width of a 
predetermined time period width, and supplied to the gate circuit 3. The gate circuit 3 is driven by a pulse supplied 

25 from the waveform shaping circuit 9 to the gate circuit 3 and comes to a signal cut out condition, and at the time of the 
signal cut out condition, a delay output level before the signal cut out is held by the level hold circuit 4, and supplied 
to the stereo demodulation circuit 5. 

[0006] According to this, the generation of a spike noise by the sudden change of the potential of the demodulation 
signal due to the pulsive noise is prevented. When the pulse is not supplied from the waveform shaping circuit 9, the 
30 gate circuit 3 and the level hold circuit 4 become the signal through condition (through). 

[0007] Further, the integration circuit 1 0 smoothes the noise detection output and obtains a DC signal corresponding 
to the noise level, and supplies the output of the integration circuit 10 to the noise amplifier 7 (feedback), and thereby, 
an AGC loop is formed. 

[0008] Incidentally, the delay circuit 2 is provided to make up for a time period from the time when the pulsive noise 
35 is supplied to the HPF 6 to the time when the gate circuit 3 is made to be in the cut out condition. Further, because, in 
the stereo demodulation circuit 5, as shown in Fig. 9, the Lch (left channel) signal and Rch (right channel) signal are 
inputted in the form which is balanced ly modulated with the frequency of 38 kHz around (Lch + Rch) /2, the LCh signal 
and the Rch signal can be separately picked out by the time division with, for example, 38 kHz. 
[0009] Further, there is also a method by which the signal is corrected by an average value from the levels before 
40 and after the pulsive noise is generated, other than a method by which the former signal is level-held and outputted, 
as described above. Incidentally, in this method, the following problem exists. 

[0010] In Fig. 10A, a waveform in the case where a correction error in which a low frequency signal is corrected to 
a correction period, becomes maximum, is shown. In the drawing, O mark is a value in which • mark is corrected, and 
the difference between O mark and • mark shows the correction error. 
45 [0011] Next, in Fig. 10B, a waveform when a high freqency signal is corrected to a correction period, is shown. In 
the drawing, O mark shows a value in which • mark is corrected. In the same manner as in Fig. 10A, the difference 
between O mark and • mark shows the correction error. 

[0012] Herein, when each of correction errors is observed, Fig. 10B is larger.. That is, it is found that the relative 
relationship of the time width of the frequency to the correction period is very important, and even when a signal of a 

so high frequency component is corrected, the error is targe. Accordingly, even when the correction is conducted on the 
signal of the high frequency component, the correction error is heard as a noise. Herein, in contrast to that the pulse 
width of the pulsive noise is several tens u.s to several hundreds jj.s : a composite signal has, as shown in Fig. 9, a 
component which is balancedly modulated with 38 kHz, and because the period of the signal is shorter than that of 
the pulsive noise, the correction error as shown in Fig. 10B, is generated. 

55 [0013] . A case where the pulsive noise is generated in a time period of ta of the demodulated signal in the FM de- 
modulator 1 , is shown in Fig. 19A. A value of A in Fig. 19A is held in a period of ta in the level hold circuit 4. 
[0014] A Lch waveform obtained by the stereo demodulation of this corrected signal is shown in Fig. 19B, and a Rch 
waveform is shown in Fig. 19C. 
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[001 S] In this case, as shown in Fig. 1 9B, because the Lch is held at the level of the Lch the I rh a ft or ,h Q , 
demodulation can be exactly corrected, however, the Rch is. as shown in Rg 19C heW ^1^. n*lL . h 1™° 
the difference between the Rch and Lch is large, the ,arge correction noise i shownln g^ra ted . ^ 

SUMMARY OF THE INVENTION! 

ELtlon m!l Se redUCti °? appaR3,us aCC ° rdin9 l ° ,hS SiXth aspect of the P fesent in ^nt'on is structured such that 
o 2 ° m 6 demodulation sj 9 na| s; an audio signal demodulation means for demodulmina and 

~: sr ited ,rom the audio si9nai demodu,ation — — ■*« - - -p. oT^r dr ti on r 

[0026] Further, in the noise reduction apparatus according to the ninth aspect of the present invention the noise 
^S^TT "TZT, " SUCh 8 mannSr that thS appara,us conducts noise P detec ion so ha, Z each 
Z ™:™ZT n0d altemat6S b6tWeen 3 P,Ura,ity ° f 3 P° rti - °< *• P~i° d -pectS ove^s 

[0027] Further, in the noise reduction apparatus according to the tenth aspect of the present invention the aooaratus 

h noSe is 2 T« 3 T n6r ,hat aCCOrdin9 '° thS ° UtpUt ° f ,he noise detec,i0 " — • a ££^c%££% 
I TconZ:, ' COrreSP ° ndin 9 l ° ,he detected «■* detection sensitivity of thenoise detection meant 

[0028] Further, in an audio apparatus according to the eleventh aspect of the present invention, the audio apparatus 
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is structured by including any one of the above noise reduction apparatus. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] Fig. 1 is a block diagram showing the structure of the embodiment 1 . 

[0030] Figs. 2A and 2B are views showing a corrected waveform of a noise reduction apparatus of the embodiment 1 . 
[0031] Figs. 3A and 3B are block diagrams showing the structure of a level detection means after the stereo demod- 
ulation of the noise reduction apparatus of the embodiment 1 . 
[0032] Fig. 4 is a block diagram showing the structure of the embodiment 2. 
[0033] Figs. 5A and 5B are block diagrams explaining a correction operation of the embodiment 2. 
[0034] Fig. 6 is a block diagram showing the structure of a noise detection means of the embodiment 2. 
[0035] Fig. 7 is a block diagram showing the structure of the embodiment 3. 

[0036] Fig. 8 is a block diagram showing the structure of the conventional noise reduction apparatus. 

[0037] Fig. 9 is a view showing the FM stereo demodulation waveform. 

[0038] Figs. 10A and 10B are an example of a noise correction waveform. 

[0039] Fig. 11 is a block diagram showing the structure of a noise reduction apparatus. 

[0040] Fig. 12 is an illustration for explaining the spectrum of an FM demodulation signal. 

[0041] Figs. 13Ato 13C are illustration for explaining the stereo demodulation signal of the signal in which the pulsive 
noise is generated. 

[0042] Fig. 14 is a block diagram showing the structure of a noise detection means. 

[0043] Figs. 15A and 15B are illustration for explaining the output of an absolute value circuit. 

[0044] Fig. 16 is a block diagram for explaining the structure for controlling the pulse density 

[0045] Fig. 17 is an illustration for explaining the detection of a.pulsive noise. 

[0046] Fig. 18 is a block diagram showing the structure of a pulse density detection means. 

[0047] Figs. 19A to 19C are illustration for explaining the waveform when the signal in which the pulsive noise is 
generated, is stereo-demodulated by the conventional apparatus. 

[0048] Figs. 20A to 20C are illustration for explaining the waveform in a simple type of a high band correction means. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0049] An embodiment having the structure by which a great effect can be displayed for the noise reduction, when 
being applied for, for example, a car audio device such as a car radio, an audio output apparatus such as a car video 
device of a car mounting type television, or an image sound apparatus including this audio output apparatus, will be 
described below. 

[0050] Referring to the drawings showing the embodiment, the present invention will be specifically explained below. 
(Embodiment 1) 

[0051] Fig. 1 is a block structural diagram of a noise reduction apparatus of the embodiment 1 of the present invention. 
[0052] Numeral 1000 is an FM demodulation means for demodulating an FM signal from a received broadcasting 
wave, numeral 5 is a stereo demodulation means, numeral 12 is an intermediate and low band correction means for 
intermediate and low band signals of an Rch of the stereo demodulation means 5, numeral 13 is a high band correction 
means for a high band signal of the Rch of the stereo demodulation means 5, numeral 21 is a switch for switching 
output signals of the high band correction means 1 3 and intermediate and low band correction means 1 2, and numeral 
14 is an intermediate and low band correction means for intermediate and low band signals of an Lch of the stereo 
demodulation means 5 (herein, the intermediate and low band correction means 12 and 14 are the first correction 
means provided respectively corresponding to the Rch and Lch). 

[0053] Numeral 15 is a high band correction means for the high band signal of the Lch of the stereo demodulation 
means 5, numeral 22 is a switch for switching the outputs of the high band correction means 15 and the intermediate 
and low band correction means 14, numeral 16 is a level detection means for detecting the level (envelope) of the 
output signal of the switch 21, and numeral 17 is a high band level detection means for detecting the high band com- 
ponent of the output signal of the switch 21 , (herein, the high band correction means 1 3 and 1 5 are the second correction 
means provided respectively corresponding to the Rch and Lch). 

[0054] Numeral 18 is a level detection means for detecting the level of the output signal of the switch 22, numeral 
19 is a high band level detection means for detecting the high band component of the output signal of the switch 22, 
numeral 200 is a selection means for controlling the switch 21 corresponding to each output level of the level detection 
means 16 and the high band level detection means 17, and numeral 201 is a selection means for controlling the switch 
22 corresponding to each output level of the level detection means 18 and the high band level detection means 19. 
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[0055] Next, operations will be described 
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Ed ^nSl; J? th f rad '° 33 an eXamP ' e ° f the abOVS audio ou, P ul a PP aratus - broadcasting signal 
SJ^^S^Sn^ ' nt ^ th r ^ dem ° du,at ° r 1000 ' — * e ™ Oemodu.ation signal is outpXd 
5 Vnr fnoTJ hT.« T ? demodulat.on s.gnal is inputted into the respective stereo demodulation circuit 

the values before and after the correction penod. Incidenta.ly, the correction signal is outputted through the low pass 

[0060] By using these intermediate and low band correction means 12 and 14 as the result that the « ir ,n*i 
wavelength ,s long (tha. is. the frequency is low) ,o ,he noise period, is Nnearly intend a IT^so T^^ 

(Correction by using the average value in the average period) 

[0066] Inc.dentally, the average period herein means a predetermined period before and after the noise oeriori a „ri 

so P e e ri r a9e Va ' Ue ° f Si9na ' ' eVel ^ Peri0d iS aCC ° rdi ^ 'o a p.ura.ity of ^ZlSSThS 

[0067] By using the high band correction means 13 and 15, the waveforms in which the lowfrequencv and the hinh 
frequency s.gnals to the correction period are corrected, are shown in Fig 2 "equency and the h.gh 
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[0070] Accordingly, when the wavelength of the signal waveform is sufficiently long to the correction period (that is, 
the frequency of the signal waveform is low to the correction period), the correction (interpolation processing) is con 1 
ducted by using the intermediate and low band correction means 12 and 14, and when the wavelength of the signal 
waveform is short to the correction period (that is, the frequency of the signal waveform is high to the correction period), 
5 the correction (interpolation processing) is conducted by using the high band correction means 1 3 and 1 5. As described 
above, in the second correction means, the correction signal for correcting the noise according to a plurality of signal 
values which exist just after a predetermined period including the generation time point of the noise is outputted (in 
the second correction means in the description of each embodiment below the same operation is conducted except 
for the specific exception). 

10 

(Level detection means) 

[0071] Next, the level detection means will be described (hereinafter, for easy understanding, initially the structure 
according to the series of the Rch will be described). 
15 [0072] In the level detection means 16, the level of the signal corrected by using the high band correction means 12 
or the intermediate and low band correction means 13, is detected (envelope detection). 

[0073] The level detection means 16 in this case can be realized by adopting the structure, for example, as in Fig. 
3A. Incidentally, herein, the DC component is not included in the output of the switch 21 . 

[0074] In the drawing, numeral 23 is an absolute value circuit, and numeral 24 is a low pass filter (LPF). Initially, in 
20 the absolute value circuit 23, the absolute value of the output signal outputted by the switch 21 is obtained, and the 
high band component is removed by the LPF 24. This output signal of the LPF 24 is outputted as the envelope of the 
signal outputted from the switch 21 . 

[0075] Incidentally, relating also to the series of the Lch, the level detector 18, for the high band correction means 
1 5 or the intermediate and low band correction means 14 and the switch 22, the structure to which the Rch corresponds, 
2S is respectively adopted, and for also the structure of the level detector 18, the same structure as shown in Fig. 3A is 
adopted, and its operation is also the same. 

(High band level detection means) 

30 [0076] Next, the high band level detection means will be described (hereinafter, for simple understanding, initially, 
the structure according to the series of Rch will be described) . 

[0077] The high band level detection means 17 detects the level of the signal which is corrected by using the high 
band correction means 1 2 and intermediate and low band correction means 1 3 (envelope detection). 
[0078] The high band level detection means 17 in this case, can be realized by adopting the structure, for example, 
35 as shown in Fig. 3B. Incidentally herein, a DC component is not included in the output of the switch 21. 

[0079] In the drawing, numeral 25 is a high pass filter (HPF), numeral 26 is an absolute value circuit, and numeral 
27 is a low pass filter (LPF) . Initially, in the HPF 25, the low band component of the output signal outputted from the 
switch 21 is removed, and the high band component is obtained. 

[0080] Next, in the absolute value circuit 26, the absolute value of the output signal of the HPF 25 is obtained. Next, 
40 the high band component is removed by the LPF 27. The output signal of the LPF 27 is outputted as an envelope of 
the high band component of the signal outputted from the switch 21 . 

[0081] Incidentally, relating also to the series of the Lch, for the high band level detection means 19, the high band 
correction means 15 or the intermediate and low band correction means 14 and the switch 22, the structure to which 
the Rch corresponds, is respectively adopted, and for also the structure of the high band level detector 19, the same 
45 structure as shown in Fig. 3B is adopted, and its operation is also the same. 

(Selection means) 

[0082] Next, a selection means 200 will be described. Into the selection means 200, the output signal VH form the 
50 high band level detection means 17 and the output signal VA from the level detection means 16 are inputted. 

[0083] Herein, when the VH/VA is smaller than a predetermined value (that is, the rate of the signal of the high band 
component is small), because it is considered that the rate of generation of the correction error generated for correcting 
the high band component signal is small, the selection means 200 connect the output side of the Rch to the intermediate 
and low band correction means 12 by the switch 21 , or the selection means 201 connects the output side of the Lch 
55 to the intermediate and low band correction means 14 by the switch 22. 

[0084] When the VH/VA is larger than a predetermined value (that is, the rate of the signal of the high band component 
is large), because it is considered that the rate of generation of the correction error generated for correcting the high 
band component signal is large, the selection means 200 connect the output side of the Rch to the high band correction 
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means 1 3 by the switch 21 , or the selection means 201 connects the output side of the Lch to the high band correction 
means 15 by the switch 22. 

[0085] As described above, because the correction means is selected corresponding to the result of the comparison 
of the ratio of the level VH of the high band component (the envelope of the high band component) in the FM stereo 
demodulation signal to the level VA of the whole band (the envelope of the whole band), with the predetermined value 
the correction error can be decreased. 

[0086] Further, the above described these processing may also be conducted by the digital signal processing by 
using the DSP (Digital Signal Processor) after the output signal of the FM detection circuit 1 is A/D converted (Analog 
to Digital conversion). In this case, in the correction means which is not selected in the intermediate and low band 
correction means 12 and 14, and the high band correction means 13 and 15, the processing for the correction may be 
neglected. 7 

[0087] Further, as the high band level detection means 1 7 or 1 9, a case in which the HPF 25 shown in Fig 3 is used 
is described, however, because, in the stereo demodulated signal, for example, the component higher than 15 kHz is 
basically unused, the BPF by which the component higher than 15 kHz can be removed, may be used. 
[0088] Further, a case where the linear interpolation is used for the correction method, is described, however the 
signal in the noise period is linearly interpolated, further, passes through the LPF, and after the high band component 
of the correction error is suppressed, it may be replaced with the signal (noise) in the noise period. 
[0089] Further, as a more simple type of the high band correction means 1 3 and 1 5, an input signal (Fig. 20A) of the 
high band correction means 13 and 15 is input into an LPF and holds an output signal level (P of Fig. 20B) of LPF 
immediately before a pulse noise generation so as to correct (Fig. 20C). 

[0090] Incidentally, in the above description, the operation of the selection means is determined according to the 
relationship between the rate (VH/VA) of the VH (the level output of the high band level detection means) to the VA 
(the level output of the level detection means), and a predetermined value, however, when the signal level of the VH 
is not extremely large, it is needless to explain that the operation of the selection means may be determined according 
to the relationship between only the VH and the predetermined value. 

(Embodiment 2) 

[0091] Fig. 4 is a block structural diagram of the noise reduction apparatus of the embodiment 2 of the present 
invention. Numeral 5 is a stereo demodulation means, numeral 12 is an intermediate and low band correction means 
for conduct the correction on the intermediate and low band signal of the Rch of the stereo demodulation means 5, 
and numeral 13 is a high band correction means for conduct the correction on the high band signal of the Rch of the 
stereo demodulation means 5. 

[0092] Numeral 21 is a switch to switch the output signals of the high band correction means 1 3 and intermediate 
35 and low band correction means 1 2, numeral 14 is an intermediate and low band correction means for an intermediate 
and low band signal of the Lch of the stereo demodulation means 5, and numeral 1 5 is a high band correction means 
for a high band signal of the Lch of the stereo demodulation means 5. 

[0093] Numeral 22 is a switch to switch the output signals of the high band correction means 15 and intermediate 
and low band correction means 14, numeral 16 is a level detection means of the output signal of the switch 21 and 
numeral 17 is a high band level detection means for detecting the high band component of the output siqnal of the 
switch 21 . 

[0094] Numeral 1 8 is a level detection means for detecting the level of the output signal of the switch 22, and numeral 
19 is a high band level detection means for detecting the high band component of the output signal of the switch 22 
[0095] Numeral 28 is a selection means for controlling the switches 21 and 22 corresponding to each output level 
of the high band level detection means 17 and 19, and the level detection means 16 and 18, and numeral 111 is a 
noise-detection means for adjusting the sensitivity of the noise detection corresponding to the output from the hiqh 
band level detection means 17 and 19. 

[0096] Next, portions whose operation is different from the embodiment 1 , will be described. In Fig. 5, a case where 
a small pulsive noise is corrected, is shown. (Herein, a noise having the amplitude up to 50 % of the amplitude level 

50 of the signal waveform is called a small pulsive noise). 

[0097] In Fig. 5, Fig. 5A shows an example of a waveform before the small pulsive noise is corrected, and Fig 5B 
shows an example of a waveform after the small pulsive noise is corrected. As can be seen from the comparison of 
Fig. 5A with Fig. 5B, in the example as shown in the drawing, from the result that the level difference (error) is larger 
in the waveform after the correction than in the waveform before correction (the waveform largely deforms from the 

ss original signal waveform. In the example shown in Fig. 5, the waveform is largely deformed in the portion which is 
corrected from the original sinusoidal wave), there is a case where the noise is rather larger by the correction. Specif- 
ically, when the high frequency signal is corrected, because the correction error becomes large, this tendency becomes 
large. 
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[0098] Accordingly, when the high frequency component is large, the detection sensitivity of the pulsive noise is 
lowered, so that the small noise is not detected, and the correction by the correction means 12 -15 is not conducted. 
[0099] An example of the detection means 111 by which the above operations can re realized, is shown in Fig. 6. 
The operations of the HPF 6, noise amplifier 7, waveform shaping circuit 9, and integration circuit 10, which are shown 
5 in Fig. 6, are the same as the operations in the conventional apparatus. Further, in the adder 28, the output of the 
integration circuit 10 and the outputs of the high band level detection means 17 and 19, are given weight through a 
weight section 29 and a weight section 30 (a coefficient is respectively multiplied, of course, a case where the coefficient 
is 1 , is included), and after that, each output is added, and the addition result is inputted into the noise amplifier 7 as 
the control signal. 

io [0100] Herein, the larger the above control signal (the result of addition) is, the smaller the noise amplifier 7 makes 
the gain. Accordingly, the gain of the noise amplifier 7 in the case where the outputs of the high band level detection 
means 1 7 and 1 9 are 0, acts so that the average level of the output signal of the noise detection circuit 8 is kept constant. 
[0101] The average level of the output signal of the noise detection circuit 8 is smaller than the threshold value of 
the waveform shaping circuit 9. On the other hand, because, for the signal whose change in time is rapid, the gain of 

is the noise amplifier 7 does not change, when the pulsive noise is added to the noise amplifier 7, the output of the noise- 
detection circuit 8 is larger than the threshold value of the waveform shaping circuit 9, and the waveform shaping circuit 
9 outputs the H level and the pulsive noise is detected. 

[0102] Herein, even when the pulsive noise smaller than the difference between the average value of the output of 
the noise detection circuit 8 and the threshold value of the waveform shaping circuit 9 is generated, it is not detected. 
20 Accordingly, when up to the small pulsive noise is detected, the difference between the average value of the output of 
the noise detection circuit 8 and the threshold value of the waveform shaping circuit 9 is made small, and when the 
small pulsive noise is not detected, the difference between the average value of the output of the noise detection circuit 
8 and the threshold value of the waveform shaping circuit 9 may be made large. 

[0103] Next, when many high band signals are included in the stereo demodulation signal, and outputs of the high 
25 band level detection means 1 7 and 1 9 become large, because the control signal of the noise amplifier becomes large, 
the gain of the noise amplifier 7 becomes small corresponding to that. 

[01 04] Accordingly, the average value of the output signal of the noise detection circuit 8 becomes small, and because 
the difference to the threshold value of the waveform shaping circuit 9 becomes large, the small pulsive noise is not 
detected. 

30 [0105] As described above, when the level of the high band component of the FM demodulated signal of the stereo 
is large, because the detection sensitivity of the pulsive noise is lowered (that is : the detection sensitivity is changeable 
corresponding to the output level of the high band level detection means), the correction error due to the correction of 
the small pulsive noise is decreased. 

[0106] Further, above described these processing may A/D convert the output signal of the FM detection circuit 1 , 
35 and the processing after that may be conducted by using the digital signal processing technique such as the DSP 
Incidentally, in this case, in the intermediate and low band correction means 12 and 14, and the high band correction 
means 13 and 15, the processing for the correction in the correction means which is not selected, can be neglected. 

(Embodiment 3) 



[0107] Fig. 7 is a block structural diagram of the noise reduction apparatus of the embodiment 3 of the present 
invention. In the drawing, numeral 112 is a noise detection means for detecting the pulsive noise from the output of 
the FM detection circuit 1 , numeral; 120 is an intermediate and low band correction means for conducting the correction 
on the intermediate and low band signals when there are many intermediate and low band components, in the output 
45 signals of the FM detection circuit 1 , numeral 1 30 is a high band correction means for conducting the correction on the 
high band signals when there are many high band components, in the output signals of the FM detection circuit 1, and 
numeral 21 is a switch to switch the outputs of the intermediate and low band correction means 1 20 and the high band 
correction means 1 30. 

[0108] Numeral 5 is a stereo demodulation means connected to the output signal of the switch 21 , numeral 160 is 
50 a level detection means for detecting the level of the Lch signal of the stereo demodulation means 5, numeral 170 is 
a high band level detection means for detecting the high band signal level in the Lch signals of the stereo demodulation 
means 5, and numeral 180 is a level detection means for detecting the signal level of the Rch signal of the stereo 
demodulation means 5. 

[0109] Numeral 190 is a high band level detection means for detecting the high band signal level in the Rch signal 
55 of the stereo demodulation means 5, numeral 300 is an L - R level detection means for detecting the level of the L - R 
component which is the difference between the signal level of the Lch signal and the signal level of the Rch signal (the 
level of the subtraction signal, incidentally, R - L component may be allowable), and numeral 301 is an L + R level 
detection means for detecting the level of the L + R component which is the sum of the signal level of the Lch signal 
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and the signal level of the Rch signal (the level of the addition signal) 

SIH Numera ' 1°° is a se,ec,ion means ,or switching the switch 21 corresponding to each ot outputs of the level 
" Sr:r 16 °, and 1 ?L h ' Bh ^ de,eC,i ° n meanS 1 70 and 1 90 ' and L - R levefdetection means 300 
amole in tZ^T ' * de8c *« 1 lni,ia "* the " oise detection means 112 detects the pulsive noise for ex- 

ample, ,n the same manner as the detection means 11 in the conventional apparatus. The output signal of the noSe 
detection means 1! 2 outputs the high level (H level) in the period in which the pulsive noise is detected and "he^ow 
level (L level) ,n the period in which the pulsive noise is not detected and it is inputted Mnte fthe hi^H .I, 
means 130 and the intermediate and low band correction means 120 9 COrreCt '° n 

[0112] Next the correction means 120 and 130 correct the signals in the period in which the aate sianal is the H 
Z^hTlBcZT I 9 ; 3 ' L° °' ™ de,eCti ° n drCUit 1 - composed oJtheL ff cSjSiSS 

oii 3 r aL^w T T 

[0113] Accord.ngly, when, on the signal in which many L - R components are included, the correction conespondino 
to the puls.ve no.se wrth the width of several tens ps is conducted, there is also a case in which the puSve noises of 

conn ra TtH P9thS 6XiSt 10 ' he COrreC,i ° n Peri0d ' and When ,he P re " value h °'ding. or .inearinrerpoSon is Jimp* 
conducted, there .s a case in which the correction error rather becomes large In this case the S h«n^orr^ V 
means 1 30 is used, and the error due to the correction is made small 9 d 

SIV ItJ^iHHT L i, R COmponents are sma " in tne ou 'P ut signal of the FM detection circuit 1 , the components 
of 23 kHz to 53 kHz are small, and when the high band components in the L + R components are small tote it S 

s^viufh t co r nents in the output si9na,s ° f the fm de,ectton 

2 CUn ? the P f e - valueholdln 9 °r linear interpolation, the correction error can be made small 

such I m^rth^H thi ? CaS6 '. Wh6n the ,0 " 0Win 9 < 1 > and <2) are satisfied, the selection means 400 operates in 
such a manner that the switch 21 ,s connected to the intermediate and low band correction means 1 20. 

*> ElmL ^ITh th , e t OU,p i Ut Si f al of the L - R level Section means 300 is obtained from the output in which for 
FuZ ,h n T TT ° l . dWerenCe b6tWeen thS S,ere ° demodula ' ad Lch and Rch is inputted intothe LPF 
examl tL ? U ."I 9 " ,° f *? k + R deteCti ° n me3nS 301 is obtained ,rom th * output of the LPF in which for 
Ts an inpuJ ° f ^ ^ °' *" LCh Si9na ' and Rch si9nal *"* are FM Modulated into £££ 

35 SUP A f deSC ; ibed above " when ,he above conditions of (1) and (2) are satisfied, because the high band sianal 
*s components are ew in the output signal from the FM detection circuit 1 , when the correction is c^nSed simp v bv 

m$T£T ?H ,0n T renCe ,r ° m the ° ri9inal de ™ dula ^ Signal can be made rather sS ' " * 

[0118] Further, the above described these processing may be conducted as follows the output sianal of the fm 

te~u?h^ 

40 Z H rther, J n , thS descrj P tion of me above embodiments, the processing is conducted on the signal after the 

of th^h dem ° d t t,0n ' and the P rocessed signal is gutted into the selection means 400, however le gnaflevS 
of the high band ,n the composite signal in which the output signal of the switch 21 is corrected is detected I and when 

lmSl ri eC T<1 th f L " R COmP ° nent " Sma "' and ,Urther ' ,he hi 9 h band —Ponent of ihe w^S, is FM 

- meanl l T " " **° ^ "° 21 ™ V b6 C ° nneC,6d to the and -ow blTco^re C tfon 

rol^i ^ deSCribed above ' a ccording to the present invention, the following effects can be obtained 
with J 

w h. a noise detection means for detecting a noise included in a demodulated audio signal, the first correct! ton means 

I preTet 9 f T' ** C ° rreC,ln9 ' he n ° iS8 aCCOrdin 9 to a ^ ^ting just befSe an dTusTafter 

a predetermined penod inc.udmg a generation time point of the noise in the demodulated audTo signal which is detec ed 
by the i no.se detection means; the second correction means for outputting the correction signal for cor^cSo the no S 
according to a plurality of signal values respectively existing before and after the preTeteSed ^Z^na Z 

ZTZeZZT? n ° iSe , in dem ° du,ated audi ° signal which is detected by toZZ^TcZ T^l a 
high band level detect.on means for detecting the level of a high band component of the audio signal- and a Son 

Lei h , " 9 h . Sr ° f thS ,irS ' ° r ,he SSCOnd COrrection means according to the output of the hfgh tend 
rlufn^ ^ mean ?' T ^ ^nents are included in the audio signal The high 

ZZ V • are de,eCted " and WhSn the ra,e of ,he hi 9 h freQuenc V components is large because ihe cor 

rection ,n which the error ,s few to the high frequency signal, is selected, the correction error when the rate of he hTgh 
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frequency components is large, can be decreased. 

[0122] In the noise reduction apparatus according to the second aspect of the present invention, because the first 
correction means is structured such that it outputs a low pass filter output of a signal value obtained from a linear 
interpolation of 2 signal values existing just before and just after a predetermined period including a generation time 
5 point of the noise, as a correction signal, thereby, the correction error when the rate of the low frequency components 
is large, can be decreased. 

[0123] In the noise reduction apparatus according to the third aspect of the present invention, because the second 
correction means is structured such that it outputs a low pass filter output of the signal value obtained from the linear 
interpolation of 2 average signal values obtained by averaging a plurality of signal values existing before and after a 

io predetermined period including the generation time point of the noise, corresponding to each of before and after of the 
generation of the noise, as the correction signal, thereby, the signal correction when the rate of the high frequency 
components is large, can be accurately corrected, and the correction error can be decreased. 
[0124] In the noise reduction apparatus according to the fourth aspect of the present invention, because the apparatus 
is structured such that a level detection means for detecting the whole band in the demodulated audio signal is further 

is provided, and a selection means is operated according to a relationship between a ratio of the level output of a high 
band level detection means to the level output of the level detection means, and a predetermined value, thereby, even 
when the output from the high band level detection means is large, the noise can be surely caught. 
[0125] In the noise reduction apparatus according to the fifth aspect of the present invention, because the noise 
detection means is structured such that the detection sensitivity of the noise detection means is changeable corre- 

20 spending to the output level of the high band level detection means, thereby, the generation of large error due to the 
correction in the case where the low level noise is included, can be prevented. 

[01 26] In the noise reduction apparatus according to the sixth aspect of the present invention, because the apparatus 
is structured. such that the selection means is operated according to the level of an addition signal and the level of a 
subtraction signal between the right channel signal and the left channel signal constituting the audio signal, thereby, 

25 the correction suited to the received signal can be conducted. 

[0127] In an audio output apparatus according to the seventh aspect of the present invention, because the apparatus 
is provided with the noise reduction apparatus according to the first aspect to the sixth aspect, thereby the audio output 
apparatus by which, even when the noise is included, the optimum correction to the noise is conducted, and the high 
quality audio output can be obtained, can be realized. 

30 [0128] An embodiment having the structure by which a great effect can be displayed for the noise reduction, when 
being applied for, for example, a car audio device such as a car radio, an audio output apparatus such as a car video 
device of a car mounting type television, or an image sound apparatus including this audio output apparatus, will be 
described below. 

[0129] Referring to the drawings showing the embodiment, the invention will be specifically explained. 



(Embodiment 4) 

[0130] Fig. 11 is a block structural diagram of the noise reduction apparatus of the embodiment 4 of the present 
invention. In the drawing, numeral 2100 is an FM demodulation means for demodulating an FM signal from a received 

40 broadcasting wave, numeral 305 is a stereo demodulation means, numeral 31 3 is a delay means for adjusting a timing 
between an output signal from the noise detection means and an output signal from the stereo demodulation means 
305, numeral 31 4 is an Lch correction means, numeral 315 is an Rch correction means, numeral 31 6 is an A/D converter 
means, and numeral 317 is a thinning means for thinning out the data of the A/D converter means 316. 
[0131] Incidentally, for simplification here, a case where the audio signals of two channels of the Lch and Rch are 

45 demodulated, will be described, however, it is not necessarily limited to these two channels, but it can also be applied, 
in the same manner, even for the audio apparatus having a plurality of channels which is more than this case. 
[01 32] Next, operations will be described. For example, in the car radio as an example of the audio output apparatus, 
by an antenna attached to the apparatus, the received broadcast signal is FM-demodulated by the FM demodulator 
means 2100, and the demodulated signal (demodulation signal) is converted into a digital data by the A/D converter 

50 means 316. 

[0133] Herein, the demodulated signal (FM demodulation signal f(t) as the demodulation signal) by the FM demod- 
ulation means 2100, can be expressed by the following equation: 
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f(t) = (L(t) + R(t)}/2 + p + (L(t) + R(t)} SIN (cot)/2 
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L(t): the left channel signal 
R(t): the right channel signal 

p: a pilot signal of 19 kHz " ' ' 

the angular velocity of twice of the pilot signal p 

(that is, 2k x 38 kHz rad/sec). 

stown t in e F™i d 2 em0dUlati0n Si9na ' ' W " 6XPreSSed * 9r3dUatin9 * e ,reqUenCy ° n ,he h ° rizon,al «* * will be as 

foin2 it S H OWn - in Fi9 12 ' ' n the ™ demodulation si 9"a' '(»>■ the signal component up to 53 kHz is included 

E2L 7 h IT, 9 meanS 317 ' OWerS ,hS Sampling fre ^ uenc y of the ou, P ut Sjnal from the A/D converter 31 6 to 

dlmZJT ?,tf Sat i Sfi6S NyqUiSt ,reqU6nCy (1 ° 6 kHz > of 53 kHz whi <* is the highest frequence the FM 

SSE? M S ' 9n (t) " 38 deSCrib6d abOV6 ' and ° Utputs to the stereo demodulation means 305 
LUi 36j Next, the stereo demodulation means 305 will be described 

As will be understood from the equation (1). it is found that, when Sin (cot) = 1, f(t) = L(t) + p and when Sin tot) - -1 f 

ea, stl + of the'ThinS * ^ ^ > " *' Pi ' 0t Si9na ' and becau » « •» -nce.ledt r eSmpt, 7n hi 

Zh 1 9 c , 9 mSanS 31 7 ' 6Ven When il is Pressed in such a manner that, when Sin (cot) = 1 fft - L m 

and when Sin (cot) = -1 , f(t) = R(t), there is no practical problem. { ' ' l ) ~ 

[01 37p That is, in order to take out each of signals of Lch and Rch from the FM demodulation signal f (t) the samnlinn 

« :r h :xr a .r etim ^ 

[0138] in this case, for example, as the input signal to the stereo demodulation means 305, when it is made to be in 

Sir' 8 >° h ^ f 0 ' Si9na ' in WhiCh ,he SampHn 9 Ue ^y is 4n (" is an in eger) o i kHz lach of 
s,gna.sofLchandRch C anbetakenoutinsuchamannerthatthesignaloftheLch C anbetakenL 
s conducted at the toning of every 4n, and the signal of Rch can be taken out, when the sampling ^conducted Z the 
2S timing of every 4n in which 2n is shifted from the timing of every 4n conducted at the 

[01 39] Next, the correction period of the Lch and Rch when the pulsive noise is generated, will be described In Fio 

301 r n e th T wh J ch the pulsive noise as ,he noise - mixes in th ° * ^e fm 

ZTZ FM 7 T, T WaVe,0mlS ° f thS Uh Rch are eSSen,iaHy the same ' is shown - 1 3A shows the output 

o°™r Samp,e f y alue al the timina of ,ne a b°ve ♦ ™rk is a value which is sampled for basically detecting the 

STSS? 5? K n ° iS C n°: 9enerati ° n ,ime ' 3nd is ° btained «* ,or example, the sample frequency in which 
the sample period .s such as 60 kHz - 1 00 kHz, which is higher than 53 kHz 

SwtL F t Urther ' Fi9 ^ 3B snows the Rch signal after the stereo demodulation, and Fig. 13C shows the Lch sional 
a^lT rQ \ T^ Ul T n - ' n thS eX3mp,e ° f R9S - 138 and 13C ' the c ° ndrti ° n '"at the mixed pu^oiiet 
SEES I shewn PU ' Sn/e f ° r 2 SamP ' in9 iS maed in thS Lch and the P^ ls - no*, for 2 sampling 6 ™ * e d 

L°!f Lh' in",!? e nT*' W ? 6 u Start P0Siti ° n ° f the POise is viewed ' respectively, in the Lch signal, the start position 
is 15, and in the Rch s.gnal, the start position is 14. In this case, respectively for the Lch signal and Rch scat he 

.8 ^TI I"' 6 ' 31 the j ndependent timina - the correction means 315 corrects** S s^aTat S and 

t8, and the correction means 314 corrects the Rch s.gnal at t3 and t9 

[0143] The correction in this case is conducted in such a manner that, when so called front hold type interpolation 

(t^Tr'^T' ,he t t2 va ! ue is correc,ed to 14 and t6 values (Rch >- ° r the 13 va,ue is M^SfiSZ 

Lch), or so ca led linear mterpolation type interpolation by which the correction value is the value (Rch) corresoondina 
2^ r °V 4 ^k? Wh6n ' inear inter P° lation j s conducted at the ,2 value and the t8 value ^or SSSS 
* IVh f h Va o 6 LCh) corres P° ndin 9 to each time of t5 and ,7 when the linear interpolation is conducted a Tne°3 
value and the t9 value, is adopted, the signal is corrected. '""cieo at me u 

[0144] Next the noise detection means 311 as the noise detection means will be described In order to detect the 
puisne noise, ,t ,s better for easy detection of the noise to use the band which does not overlap with the FM den^ubt on 
signal. That ,s, as described above, in the noise detection means 311 , the pulsive noise is detected by usSShtahe" 

z:r each samp,in9 ,requency of the Lch and Rch <thereby - the reso,u,i ° n ° f ,he = 

[0145] The output signal (noise detection signal) from the noise detection means 311 outputs the gate signal of the 

ss ro 461 "in;? W ^ C ? h ,he n ° iSe " d6teC,ed ' and the L ' eVel in 3 Peri ° d in Which the -'se is not detee'ed 

[0146] In th.s example, the period in which the noise generates, is from 14 to t7, and in this period the detection 
means 311 outputs the H level, and the sampling frequency of the output data in the noise detectio^ ^eans ^fn this 
rn^' S 1°. Sma " er than 2 tim6S ° f thS Sam P' in 9 ,re9uenc y of the Lch signal or Rch signal 

[0147] On the one hand, in the FM stereo demodulation, when the demodulation of the maximum frequency 53 kHz 
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in the signal outputted from the FM demodulation means 301 can be surely carried out, in order to reduce the processing 
amount in this case, when the thinning means 317 is used, in this thinning means 317, the delay is generated in the 
inputted signal into the stereo demodulation means 305. Incidentally, the delay is also generated in the correction 
means 31 4 and 31 5. 

[0148] Therefore, by using the delay means 313, the output signal from the noise detection means 311 is delayed, 
and the time point (position) at which the pulsive noise in the output signal of the stereo demodulation means 305 in 
which the delay is generated, is generated, is timed with the noise detection signal outputted from the noise detection 
means 311. 

[0149] As described above, the noise is detected from the FM stereo demodulated signal, and because a signal 
portion in which the pulsive noise of the FM stereo demodulated signal is mixed (generated) is corrected independently 
in the left and right, (viewed from respective channels), the amplitude of the signal of the other channel does not 
influence on the correction result, and the suppression effect of the noise is increased. 

[0150] That is, because, in the correction of the signal of one channel, the influence of the other channel is not 
caused, and further, the noise is detected for the demodulation signal, the noise detection can be conducted under the 
condition that the noise component is not lost. 

[0151] Fig. 14 shows the noise detection means 31 1 by the digital processing. The component of the high frequency 
is extracted by the HPF 318 from the output of the A/D converter 316. When the pulsive noise is generated, the output 
level of the HPF 318 is increased. Next, the absolute value of the output signal of the HPF 318 is calculated in the 
absolute value circuit 319. 

[0152] Next, the thinning means 320 will be described. The output of the absolute value circuit 319 when the sampling 
frequency of the A/D converter 316 is fs = 304 kHz, is shown in Fig. 15. In Fig. 15, ©shows the sample value of the 
Lch, o shows the sample value of the Rch, and • shows the other sample value. In Fig. 15A, the maximum values st1 , 
st2, and st3 of the t1, t2, and t3 periods are outputted as the noise levels of L1, R1 and L2. 

[0153] Next, when the output of the thinning means 320 is not smaller than the threshold value inputted by the 
comparison means 321, it is judged that the noise is generated in the Lch or Rch signal in the period at the time. !n 
this case, because st2 is not smaller than the threshold value, it is judged that the noise is generated in R1. 
[0154] Further, the pulse width of the pulsive noise included in the output signal of the A/D converter 316 spreads 
due to the filter processing by, for example, the FIR filter in the thinning means 317, and the stereo demodulator 305. 
Accordingly, even when the noise is slightly generated in L2, there is a case in which it becomes as if the noise is 
generated in the signal after the stereo demodulation. 

[0155] In this case, the thinning means 320 makes the period to detect the noise of L1 . R1 , and L2 overlap with each 
other as t1 ', t2* and t3' shown in Fig. 1 5B, and outputs the maximum values of the respective periods of st1 ', st2\ and 
st3' as the noise levels of L1 , R1 and L2. 

[0156] Next, because points, at which the outputs of the thinning means 320 are not smaller than the threshold value, 
are st2' and st3\ the comparison means 321 judges that the pulsive noise is generated at R1 and 12. 
[0157] As described above, the period in which the sample noise such as L2 is detected, is overlapped, and can be 
detected as the noise exists therein, wherein the large noise exists in the near sample of L2, and after the stereo 
demodulation, the influence of the noise is exerted on L2. 

[0158] According to this, because the noise detection means is. structured in such a manner that, for each predeter- 
mined period which alternates among a plurality of channels, a portion of the period is made to overlap each other, 
and the noise is detected, thereby, the noise detection means can more exactly detect the noise. 
[0159] In Fig. 15B, the detection of the noise by which 1 sample is made to overlap the other, and the influence is 
exerted on the subsequent signal, is described, however the overlap of the sample may be carried out on a plurality 
of points, and it may be determined by considering the pass band characteristic of the filter processing by, for example, 
the FIR filter (specifically, the LPF included in these structures) in the thinning means 317, or the stereo demodulator 
305, or the amplitude level. 

[0160] Further, in the case where the density of the pulsive noise is large, when all of pulsive noises are corrected, 
there is a tendency that the original sound collapses and becomes the sound which is artificial and offensive to the ear. 
[0161] In such the case, there is a case in which the audio reproduction which is slightly offensive to the ear can be 
carried out, when the large pulsive noise is corrected, and the small pulsive noise is not corrected. Accordingly, in order 
to correspond to such the case, the detection sensitivity of the pulsive noise may be controlled so that the pulse width 
of the detected pulsive noise is not larger than a predetermined value (predetermined width). 

[0162] The structure by which the density of the pulsive noise to be detected (herein, sometimes simply called pulse 
density) can be controlled, is shown in Fig. 16 (incidentally, in the structure shown in Fig. 16, the output of the thinning 
means 320 of the noise detection means 311 shown in Fig. 14 is changed to the input. The noise detection means 311 
is structured by including the structure shown in Fig. 14 and the structure shown in Fig. 16.) 

[0163] In the structure shown in Fig. 16, by supplying the output of the comparison means 321 shown in Fig. 14 to 
the LPF 323, the output is smoothed, and supplied to the adder 324. 
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[0164] Herein, the output signal of the LPF 323 corresponds to the level of the continuously generating noise such 
as the background noise (due to the noises of the devices or the thermal noise). 

[0165] The adder 324 adds the output signal of the LPF 323 and the output of the pulse density detection means 
325. and when the output of thinning means 320 is larger than the output signal of the adder 324. the comparison 
* means 321 judges that the pulsive noise exists. 

[0166] The output signal of the comparison means 321 is inputted into the pulse density detection means 325 and 
when the pulse density of the inputting signal is higher than a predetermined value, the output signal is made larger 
and inputted into the adder 324. Thereby, the output signal of the adder 324 becomes large. That is by the pulse 

i 0 , h enS !iw de lo C , ,,0n meanS 325 ' ,hS feedback |0 °P is structured between the output of the comparison means 321 and 
10 the adder 324. 

^L 67 ^/' 9 17 ' S 3 Vi6W showin 9 an ex ample of the operation by the structure shown in Fig. 16. The output of the 
adder 324 when the pulse density is small is shown by the waveform b. Further, the output of the adder 324 when the 
pulse density is increased and the output of the pulse density detection means 325 is inputted into the adder 324 is 
shown by the waveform a (incidentally, in the drawing, the waveforms a and b are linearly shown for the simplification 
»* but, generally these are waveforms). 

[01 68] An example of the output from the thinning means 320 is shown by the waveform c. When the pulse density 
is low, the waveform b is inputted into the comparison means 321 as the threshold value 321. In the case shown in 
the drawing, the comparison means 321 outputs the H level as the pulsive noise is generated in a portion of the 
waveform c whose value is larger than the waveform b inputted as the threshold value. Accordingly, in the example 
shown m the drawing, it is shown that the pulsive noises of 2 portions are detected as shown in the waveform d 
[0169] On the other hand, when the pulse density is high, the waveform a is inputted into the comparison means 
321 as the threshold value. In the case as shown in the drawing, the comparison means 321 outputs the H level as 
the pulsive noise is generated in a portion of the waveform c whose value is larger than the waveform a inputted as 
the threshold value. Accordingly, in the example shown in the drawing, the small pulsive noise as shown in the waveform 
2 = e is not detected. 

[01 70] Next, the structural drawing of the pulse density detection means 325 is shown in Fig 18 The peak value of 
the output signal of the comparison means 321 shown in Fig. 16 is constant, and inputted into the LPF 326 and the 
DC component DO is taken out. The DC component DO in this case is proportional to the pulse density. 
[0171] The calculation means 327 conducts the following processing, in which the desired value of the pulsive noise 
to be detected is D1 . and the output signal is the feedback amount Nc (A is a feedback gain, and is a fixed value herein) 
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Nc = Nc + A- (D0-D1) 

lV 7 ? h thS r6SUlt ' Wh8n N ° < °' Nc = 0 is Set - Accorain 9 to this processing, when the pulse density is larger than 
the desired value, the feedback amount Nc is increased. According to the above processing, the density of the pulsive 
noise to be detected is adjusted. ~ 

[0173] When the system is structured in such a manner that the detection sensitivity of the noise detection means 
is controlled according to the density of the pulsive noise (noise) as the generation condition of the noise the lowerino 
of the audio quality due to the excessive signal correction can be prevented. 

[0174] Incidentally, the above embodiment can be realized by using the DSP (Digital Signal Processor) using the 
digital signal processing technology, which needs no description here, and by using such the technology, the adaptability 
of the no.se reduction processing which is adaptive to the reduction of the circuit structure and the nature of the noise 
can be increased. 

[0175] As described above, according to the eighth aspect of the present invention, the noise reduction apparatus 
is provided with: a noise detection means for detecting the noise included in a demodulation signal having the infor- 
mation correspond.ng to audio signals of a plurality of channels.from the demodulation signals; an audio signal de- 
modulation means for demodulating and outputting the audio signals corresponding to each of the plurality of channels 
from the information corresponding to the audio signals of the demodulation signals; and a correction means which 
can correct independently for each audio signal outputted from the audio signal demodulation means according to the 
output of the noise detection means, thereby, the influence of the other channel is not exerted in the correction of the 
signal of one channel, and further, because the detection of the noise is carried out in the demodulation signal the 
noise detection can be carried out under the condition that the noise component is not lost. 

[0176] Further, because the noise detection means is structured such that the noise detection is conducted in such 
a manner that, for each predetermined period which alternates among a plurality of channels, a portion of the period 
respectively overlaps with each other, thereby, the noise reduction apparatus by which the more exact noise detection 
can be conducted, can be realized. 

[01 77] Further, because the noise reduction apparatus is structured such that, according to the output of the noise 
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detection means, a generation condition of the noise is detected, and corresponding to the detected result, the detection 
sensitivity of the noise detection means is controlled; thereby, the noise reduction apparatus by which the lowering of 
the audio quality due to the excessi-ve signal correction can be prevented, can be realized. 

[0178] Further, because the audio output apparatus is structured by including any one of the above noise reduction 
s apparatus, thereby, even when the noise is included, an audio output apparatus by which the audio quality is not 
lowered, can be obtained. 




Claims 

10 

1 . A noise reduction apparatus comprising: 

a noise detection means for detecting a noise included in a demodulated audio signal; 
a first correction means for outputting a correction signal for correcting the noise according to a signal value 
15 existing just before and just after a predetermined period including a generation time point of the noise in the 

demodulated audio signal which is detected. by said noise detection means; 

a second correction means for outputting the correction signal for correcting the noise according to a plurality 
of signal values respectively existing before and after the predetermined period including the generation time 
point of the noise in the demodulated audio signal which is detected by said noise detection means; 
20 a high band level detection means for detecting the level of a high band component of the audio signal; and 

a selection means for selecting either one of said first or said second correction means according to the output 
of said high band level detection means. 

2. The noise reduction apparatus according to Claim 1 , wherein 

25 said first correction means outputs a low pass filter output of a signal value obtained from a linear interpolation 

of 2 signal values existing just before and just after a predetermined period including a generation time point of 
the noise, as a correction signal. 

3. The noise reduction apparatus according to Claim 1 , wherein 

30 said second correction means outputs a low pass filter output of the signal value obtained from the linear 

interpolation of 2 average signal values obtained by averaging a plurality of signal values existing before and after 
a predetermined period including the generation time point of the noise, corresponding to each of before and after 
the generation of the noise, as a correction signal. 

35 4. The noise reduction apparatus according to any one of Claims 1 to 3, further comprising: 

a level detection means for detecting the whole band level in the demodulated audio signal, wherein 

said selection means is operated according to a relationship between a ratio of the level output of said high 

band level detection means to the level output of said level detection means, and a predetermined value. 

40 

5. The noise reduction apparatus according to any one of Claims 1 to 4, wherein 

the detection sensitivity of said noise detection means is changeable corresponding to the output level of 
said high band level detection means. 

45 6. An audio output apparatus comprising said noise reduction apparatus according to any one of Claims 1 to 5. 

7. A noise reduction apparatus comprising: 

a noise detection means for detecting the noise included in a demodulation signal having the information 
so corresponding to audio signals of a plurality of channels from the demodulation signals; 

an audio signal demodulation means for demodulating and outputting the audio signals corresponding to each 
of the plurality of channels from the information corresponding to the audio signals included in the demodulation 
signals; and 

a correction means which can correct independently for each audio signal outputted from said audio signal 
ss demodulation means according to the output of said noise detection means. 

8. The noise reduction apparatus according to Claim 7, wherein 

said noise detection means conducts the noise detection such that, for each predetermined period which 
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alternates among a plurality of channels! a portion of the period respectively overlaps with each other 

9. The noise reduction apparatus according to Claim 7 or 8, wherein 

according to the output of said noise detection means, a generation condition of the noise is detected and 
corresponding to the detected result, the detection sensitivity of said noise detection means is controlled. 

10. An audio output apparatus including said noise reduction apparatus according to any one of Claims 7 to 9. 

11. A noise reduction apparatus comprising: 

means for detecting noise in a signal; 

first correcting means for outputting a correction signal for correcting the noise according to a first criteria' 
crTe°rS and^ 9 m83nS ^ ° UtpUtt ' n9 3 correction si 9 nal for correcting the noise according to a second 
means for selecting either the first or the second correcting means according to the frequency of the signal. 

12. A noise reduction apparatus comprising: 

noise detecting means; 

means for separating a signal into a plurality of channels; and 
noise correcting means for correcting each channel 
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FIG. 3A 
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FIG. 5A 

WAVEFORM BEFORE CORRECTION 
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